Serious damage due to ground liquefaction occurred in Urayasu City, located in the coastal area around Tokyo Bay, during to the 2011 off the Pacific coast of Tohoku Earthquake (M w 9.0). In particular, extensive liquefaction was observed in the Imagawa District of Urayasu City. In order to investigate the mechanism of damage and to establish appropriate countermeasures, it is very important to evaluate the strong ground motion in the Imagawa District. For this purpose, aftershock observations and microtremor measurements were carried out in and around the Imagawa District. Then, site effects in the Imagawa District were evaluated based on the microtremor H/V spectral ratios and the aftershock records.
Introduction
The 2011 off the Pacific coast of Tohoku Earthquake was the largest earthquake ever recorded in Japanese history, with a moment magnitude M w of 9.0. About 20,000 people died or are missing due to the great earthquake and subsequent tsunami, and a lot of geotechnical disasters were reported (e.g., JGS, 2011) . Parts of the ground in the coastal area around Tokyo Bay liquefied due to the great earthquake, and the failure of lifelines, residential houses and road structures were reported (e.g., Ishikawa and Yasuda, 2012; Konagai et al., 2012; Towhata et al., 2012; Unjoh et al., 2012) .
Urayasu City (see Fig. 1 ) is one of the cities along the Tokyo Bay affected by liquefaction. The entire city belongs either to man-made land as shown in Fig. 2 . The difference of altitude within the city is quite small. About 80% of the city area of Urayasu City suffered liquefaction-induced damage. As shown in Photo 1, in particular, extensive liquefaction was observed in the Imagawa District (see Fig. 3 ) of Urayasu City, which caused enormous damage (e.g., Tokimatsu and Katsumata, 2012; Towhata et al., 2012; . On the other hand, no ground liquefaction was observed in the Nekozane District (see Fig. 3 ), where Urayasu City Hall is located. Note that the liquefaction area in Fig. 3 was based on the existing liquefaction map after the 2011 main shock Tokimatsu and Katsumata, 2012; Towhata et al., 2012; and the authors' field survey results.
In order to investigate the mechanism of damage and to establish appropriate countermeasures, it is very important to evaluate the strong ground motion in the Imagawa District at the firm ground outcrop (International Organization for Standardization, 2005) during the main shock. Generally, a ground motion is significantly amplified from the seismological bedrock to the surface. Frequency dependent amplification characteristics of the ground motion may change greatly from site to site due to the differences in the ground characteristics from the seismological bedrock to the surface. This phenomenon is often called "the site effect" and the frequency dependent amplification characteristics are called "the site amplification factor" (e.g., Goto and Morikawa, 2012) . This study employs these definitions considering the existing studies (King and Tucker, 1984; Lermo and Chavez-Garcia, 1993; Field and Jacob, 1995) . Although both the ground above and below the top of the firm ground (engineering bedrock) contribute to the amplification, the contribution of the latter is especially significant, since the contrast of shear wave velocity is very large from the seismological bedrock to the firm ground outcrop (engineering bedrock). Here, in this study, we assume that the shear wave velocity was about 3000 m/s and 300 m/s for the seismological bedrock and the firm ground outcrop (engineering bedrock), respectively.
Thus, the ground motion in the Imagawa District may be significantly different from that at a nearby permanent station for strong motion observation even for the firm ground outcrop. A careful examination of the site effects is required before we can use the estimated ground motion at a nearby permanent strong motion station for the analyses in the Imagawa District. The site amplification factors should be evaluated based on the result of seismic observation and microtremor measurement (e.g., Hata et al., 2011 Hata et al., , 2012a Nozu et al., 2006; Yamanaka et al., 2004 Yamanaka et al., , 2005 .
For this purpose, aftershock observations and microtremor measurements were carried out in the Imagawa District. Then, site effects in the Imagawa District were evaluated based on the aftershock records and the microtremor H/V spectral ratios. In addition, the theoretical H/V spectra (e.g., Haskel, 1953) based on the fundamental mode Rayleigh wave were calculated to explain the measured microtremor H/V spectral ratios and to estimate soil profiles for the sites in the Imagawa District (including Super-dense Real-time Earthquake Disaster Mitigation System [SUPREME] Imagawa-Kita; Shimizu et al., 2006) and the Nekozane District (including K-NET Urayasu; Kinoshita, 1998; Aoi et al., 2004 ). An effective stress analysis was also carried out to verify the estimated soil profiles.
Investigation of site effects
2.1. Difference in strong motion records for the main shock
The locations of strong motion observation stations in and around the Imagawa District are shown in Fig. 4 . The indices for the observed main shock records (Peak Ground Acceleration (PGA) and the SI value (Housner, 1965) ) are also shown in Fig. 4 . Here, the PGA is the absolute maximum acceleration in the synthesized 3 components, and the SI value is the maximum value for the 3 components. At SUPREME Imagawa-Kita, SUPREME Urayasu Plant and National Institute for Land and Infrastructure Management (NILIM) Urayasu Bridge, only the indices of the seismic motion (see Fig. 4 ) were recorded (time history data were not recorded). At present, the time history data of the 2011 main shock at K-NET Urayasu (Kinoshita, 1998; Aoi et al., 2004) and SKnet Urayasu (e.g., Goda and Atkinson, 2010) are available for researchers.
According to the liquefaction area in Fig. 4 , which is based on the existing liquefaction map  Photo 1. Imagawa District, Urayasu City, 3 days after the 2011 off the Pacific coast of Tohoku Earthquake. Tokimatsu and Katsumata, 2012; Towhata et al., 2012; and the author's field survey results, the Nekozane District (where K-NET Urayasu and SK-net Urayasu are located) and the area around SUPREME Urayasu Plant are not included in the liquefaction zone. Here, the author's field survey focused especially on the ground condition near the permanent stations for strong motion observation.
However, at the sites of SUPREME Imagawa-Kita, NILIM Urayasu Bridge and Takasu Elementary School, liquefaction was observed. The difference in the seismic motion indices at these sites (Fig. 4) can be due to either the difference of the site effects (including the effects of deep subsurface structures) or the difference of nonlinear response of the soil including liquefaction. The comparison of the distribution of SPT-N value and the soil profile between K-NET Urayasu site (Nekozane District) and SUPREME Imagawa-Kita site (Imagawa District) is shown in Fig. 5 . Here, the N-values at K-NET Urayasu site were obtained by the National Institute for Earth Science and Disaster Prevention (NIED) (Kinoshita, 1998; Aoi et al., 2004) . On the other hand, the N-values at P-20 site, located in the proximity of SUPREME Imagawa-Kita site (see Fig. 6 ), were obtained by the Chiba Prefectural Environmental Research Center (2003) . For details of the borehole data (including the SPT-N value) with a ground cross-section, refer to . Ishihara and Sasaki (2012) and Towhata et al. (2012) suggest the aging effect, that is, the difference between the natural land (e.g., Nekozane District) and the reclaimed land (e.g., Imagawa District) had an impact on the extent of liquefaction. Here, the aging effect refers to the increase of soil strength due to its sedimentary age. If this is the case, the soil strength for the Imagawa District would have been lower than that in the Nekozane District.
Imagawa District in Urayasu City

K-NET
The distribution of degree of liquefaction in the Imagawa District and surrounding area are shown in Fig. 6 based on Tokimatsu and Katsumata (2012) . In Fig. 6 , classification of the degree of liquefaction (extensive/moderate/slight) was based on Tokimatsu and Katsumata (2012) . As shown in Fig. 6 , extensive liquefaction (Tokimatsu and Katsumata, 2012) and enormous damage (e.g., Konagai et al., 2012) accompanied by a lot of sand boils (see Photo 1, taken in the location shown in Fig. 6 ) were found in the Imagawa District except for Imagawa 4 Chome (Imagawa Apartment House area). On the other hand, Imagawa 4 Chome suffered only slight liquefaction damage due to the effect of ground improvement.
Microtremor measurements
In the Imagawa District (Fig. 6 ), microtremor measurements were carried out to investigate spatial distribution of the site effects. The measurements were also conducted at K-NET Urayasu and SK-net Urayasu sites for comparison. As shown in Fig. 6 , in the Imagawa District, the measurement sites were distributed in a lattice-like shape. The aftershock observation sites (to be mentioned later), the conventional boring sites (Chiba Prefectural Environmental Research Center, 2003) and the SUPREME Imagawa-Kita site are also shown in Fig. 6 . The specifications of the instrument for the microtremor measurement (see Table 1 ) were the same as those reported in Senna et al. (2006) . The measurements were done on January 7, 2011 before the 2011 main shock (P-01 site, P-22 site, K-NET Urayasu and SK-net Urayasu) and July 15, 2011 after the 2011 main shock. The measurement was done for 3 components (NS, EW and UD). The mean of the two horizontal components were adopted in the calculation of the H/V spectral ratio. The measurement was done for 11 min (≒163.84 s Â 4 sections), and the sampling frequency was 100 Hz.
In the following, the process to calculate a microtremor H/V spectral ratio is mentioned. First, a high-pass filter of 0.1 Hz is adopted, and 3 time sections of 163.84 s each were extracted from the original data considering recorded noises. Next, Fourier amplitude spectra for these 3 time sections were calculated with a Parzen window (band width of 0.05 Hz). Finally, a microtremor H/V spectral ratio was calculated as the average of 3 spectra. Here, the frequency range to evaluate microtremor H/V spectral ratio was from 0.2 Hz to 10 Hz considering the performance of the instrument.
Figs. 7 and 8 show the calculated microtremor H/V spectral ratios at the sites in the Imagawa District, together with those at K-NET Urayasu and SK-net Urayasu sites. In Fig. 7 , at P-01 (K-NET Urayasu site), the H/V spectral ratio for January 7, 2011 and that for July 15, 2011 almost coincide. At P-22 (SKnet Urayasu site), the degree of coincidence of the H/V spectral ratio is slightly decreased in the higher frequency range over 1 Hz. The degree of difference of the H/V spectral ratios was measured by an index referred to as the "DGS value" (Hata et al., 2012b) for both sites. Even for P-22, the DGS value was less than 2.0. This value was small: it was as small as those obtained for the difference of site amplification factors at closely located strong motions stations within 100 m (Hata et al., 2012b) . Therefore, in the following, we assume the same site amplification factors before and after the 2011 main shock. It should be noted that the small difference in the H/V spectral ratio before and after the 2011 main shock at P-22 may provide insight into the recovery process of soil stiffness after liquefaction, though the process of recovery is not the main topic of this article. Arai (2006) analyzed the H/V spectra obtained in Ojiya City, Japan, from such a point of view. He found that shear wave velocity at strong motion stations in Ojiya City recovered in about 8-12 months after the 2004 Mid Niigata Prefecture earthquake. The process of recovery may be affected by the permeability of the soil.
As shown in Figs. 7 and 8, within the Imagawa District, the general forms of the H/V spectral ratios do not differ significantly from each other. Furthermore, as shown in Table 2 , within the Imagawa District, the peak frequency of the H/V spectral ratios do not differ significantly. In addition, the H/V spectral ratios at the sites in the Imagawa District do not differ significantly from those at K-NET Urayasu and SKnet Urayasu sites. This suggests that the strong ground motions in the Imagawa District do not differ significantly from those at K-NET Urayasu and SK-net Urayasu stations, except for the effects of nonlinear soil response. In the following sections, a more detailed study on the similarity of the site effects is conducted based on aftershock observations.
Aftershock observations
Temporary aftershock observations were carried out at the sites in the Imagawa District to evaluate site amplification factors at these sites. As shown in Fig. 9 , temporary observation sites were created at Imagawa Memorial Park, Imagawa Gaiku Park, Imagawa Multi Field, Imagawa 2nd Jido Park and Imagawa Hiroba Park. As shown in Fig. 9 , the 5 temporary observation sites almost cover the whole district. Imagawa Memorial Park, Imagawa Gaiku Park, Imagawa 2nd Jido Park and Imagawa Hiroba Park were located in the extensive liquefaction area, while Imagawa Multi Field was located in the moderate liquefaction area, according to Tokimatsu and Katsumata (2012) . The aftershock observations were conducted for 2 months. Measurements were taken with the same instrument, and the location was changed every 2 months (see Table 3 ). The seismograph was a borehole type. For details of the instruments of the aftershock observation system, refer to Shibao et al. (2010) . The observation was conducted for 3 components (NS, EW and UD), and the sampling frequency was 100 Hz. Table 3 is the list of the observed earthquake events at the observation sites in the Imagawa District. The observed earthquake events were moderate earthquakes which occurred inside or outside the source region of the 2011 main shock (aftershocks and other earthquakes), and observed motions were used for the evaluation of the site amplification factors at the observation sites in the Imagawa District.
Site amplification factors
In this section, the calculation of the site amplification factors at SK-net Urayasu (see Fig. 4 ) and the temporary observation sites (see Fig. 9 ) is explained. The site amplification factor for K-NET Urayasu was already evaluated in a conventional study (Nozu et al., 2006) based on spectral inversion. However, the site amplification factors at SK-net Urayasu and the temporary observation sites have not yet been reported. In this study, the spectral ratio method (e.g., Hata et al., 2010 Hata et al., , 2012b ) is applied to evaluate the site amplification factors at these sites.
The method is based on the moderate earthquake records obtained at the reference station and the target sites simultaneously. The target sites are SK-net Urayasu and the sites in the Imagawa District. The reference station is the K-NET Urayasu site. This site was selected as the reference site because the site amplification factor was already evaluated and a lot of seismic observation records have already been obtained.
For each combination of the target and the reference, the spectral ratio of the Fourier amplitude of the records at the reference station and the target sites is calculated. The effects of geometrical spreading and anelastic attenuation are considered as the path effect (Boore, 1983; Satoh and Tatsumi, 2002) to correct the Fourier spectra.
The mean of the corrected spectral ratio (the target station/ the reference station) is calculated. Here, the moderate earthquake records before the 2011 main shock were used for the SK-net Urayasu site. For the sites in the Imagawa District, the records after the 2011 main shock were used (see Table 3 ).
Finally, the site amplification factor at the target site can be obtained as the product of the site amplification factor of the reference station and the spectral ratio. Here, the frequency range for the evaluation of the site amplification factor is from 0.2 Hz to 10 Hz, because the site amplification factor at the reference station is reliable in this frequency range (Nozu et al., 2006) . Fig. 10 shows the site amplification factor for the K-NET Urayasu site given by the spectral inversion method (Nozu et al., 2006) and those at the SK-net Urayasu site and the Imagawa District sites given by the above-mentioned method (all the site amplification factors correspond to the horizontal component). Table 4 shows the value of the site amplification factor for representative frequencies.
As shown in Fig. 10 , the characteristics of the site amplification factors are very similar to each other. This suggests that the site effects are quite uniform within the Imagawa District. In addition, it is suggested that the site amplification factors in the Imagawa District are basically similar to the site amplification factor at K-NET Urayasu. Note, however, that, in the frequency range from 2 to 4 Hz, the site amplification factors for the sites in the Imagawa District exceed that for the K-NET Urayasu site. These differences may be attributed to the difference of shallow soil profiles between the firm ground outcrop (engineering bedrock) and the ground surface since they appear in the high frequency range. Then, in the next section, the difference of the shallow soil profiles is investigated by simulating microtremor H/V spectral ratios.
Identification of shallow soil profile
Simulation of microtremor H/V spectral ratio
In this section, shallow soil profiles for the K-NET Urayasu site and the SUPREME Imagawa-Kita site are investigated by simulating microtremor H/V spectral ratios. A comparison of the H/V spectral ratio obtained from the fundamental mode of the theoretical Rayleigh wave and that obtained by the microtremor measurement for the K-NET Urayasu site and the SUPREME Imagawa-Kita site is provided in Fig. 11 . The parameter list for the identified soil profiles is shown in Table 5 . In Table 5 , the parameters are either based on various existing survey results or identified in this study through trial and error method. In the K-NET Urayasu site, the soil parameters for the layers above G.L. À 20 m were given from the results of PS logging and soil density tests at the K-NET Urayasu site (Kinoshita, 1998; Aoi et al., 2004) . For the layers below G.L. À 20 m in the K-NET Urayasu site and for all the layers in the SUPREME Imagawa-Kita site, soil density was given empirically referring to the conventional boring information (Chiba Prefectural Environmental Research Center, 2003) , and the P-wave and S-wave velocities of each soil layer were determined by trial and error method to reproduce the observed microtremor H/V spectral ratio at the K-NET Urayasu site or the SUPREME Imagawa-Kita site.
In Fig. 11 , the characteristics of the H/V spectral ratio (peak frequency and general form of the spectrum) calculated for the theoretical Rayleigh wave (e.g., Haskel, 1953) agree well with those of the microtremor measurement, indicating the appropriateness of the shear wave velocities assigned for each layer. Fig. 12 shows the distribution of the shear wave velocity with the soil profile at the K-NET Urayasu site and the SUPREME Imagawa-Kita site. As shown in Fig. 12 , the identified shear wave velocity profile was different between the K-NET Urayasu site and the SUPREME Imagawa-Kita site. On the other hand, in the SUPREME Imagawa-Kita site, the distribution Fig. 13 shows the site amplification factors from the seismological bedrock to the firm ground outcrop (engineering bedrock) at the K-NET Urayasu site and the Imagawa Gaiku Park site. Here, Imagawa Gaiku Park (P-18 site) and SUPREME Imagawa-Kita (P-21 site) are very close to each other and the H/V spectral ratios for the two sites are similar to each other (see Figs. 6, 7, and 9) . Therefore, we assume that the site amplification factor evaluated at the Imagawa Gaiku Park site can be used as that of the SUPREME Imagawa-Kita site in the following discussion.
Estimation of site amplification Factors at firm ground outcrop
As mentioned earlier, we identified the soil profiles of shallow layers at the K-NET Urayasu site and the SUPREME Imagawa-Kita site (see Table 5 ). The site amplification factors from the seismological bedrock to the ground surface at the K-NET Urayasu site and the SUPREME Imagawa-Kita site (see Fig. 10 ) were then divided by the theoretical transfer functions of the shallow layers to obtain the site amplification factors from the seismological bedrock to the firm ground outcrop (engineering bedrock) (see Fig. 13 ). As shown in Fig. 13 , the site amplification factors from the seismological bedrock to the firm ground outcrop (engineering bedrock) for the K-NET Urayasu site and the SUPREME Imagawa-Kita site are quite similar. The minor difference around 2-4 Hz found in the site amplification factors from the seismological bedrock to the Table 5 The list of the identified parameters for ground model. ground surface is not evident for the site amplification factors from the seismological bedrock to the firm ground outcrop; the difference can thus be attributed to the difference of shallow soil profiles. The large amplification can be attributed to the deep subsurface structure (from the seismological bedrock (depth: 2500 m) to engineering bedrock (depth: 40 m; see Fig. 5 )) in the Kanto Plain (e.g., Kobayashi et al., 2000) . According to Sawada (1998) , site amplification factors and site phase effects on earthquake motions are correlated to each other. It may suggest that the site phase effects for the SUPREME Imagawa-Kita site and the K-NET Urayasu site are also similar to each other. Therefore, the authors conclude that the characteristics of strong ground motions at the firm ground outcrop in the Imagawa District are similar to those at K-NET Urayasu. Thus, the strong ground motion estimated for the firm ground outcrop of K-NET Urayasu can be used as an input motion for earthquake response analyses in the Imagawa District.
K-NET Urayasu
Estimation of main shock ground motion at firm ground outcrop
In this section, the strong ground motion at the firm ground outcrop (engineering bedrock) at the K-NET Urayasu site during the main shock was estimated using an equivalent linear method, which is recommended for use in earthquake response analysis in the Imagawa District. As an example of the application of the estimated ground motion, a preliminary effective stress analysis was carried out for the SUPREME Imagawa-Kita site.
Equivalent linear analysis
An equivalent linear calculation using the code "FDEL" (Sugito, 1995) was carried out to estimate the strong ground motion for the main shock at the firm ground outcrop at the K-NET Urayasu site. The horizontal component in the direction of N471 W was used. Here, the N471 W component was selected because, in our future work, we intend to use the estimated ground motion for the analysis of the ground crosssection by , which is oriented in this direction. The soil layer and its initial shear moduli were given from the identified results of the microtremor analysis (see Table 5 ). Generally used dynamic deformation properties by Yasuda and Yamaguchi (e.g., Towhata, 2008) were adopted in the analysis. The observed earthquake motion at the ground surface and the calculated earthquake motion at the firm ground outcrop (engineering bedrock) are shown in Fig. 14(a) and (b) . In the next section, the calculated earthquake motion (see Fig. 14(b) ) is used as an input earthquake motion.
Preliminary effective stress analysis
As an example of the application of the estimated ground motion, a preliminary one-dimensional effective stress analysis for the SUPREME Imagawa-Kita site was carried out using a FEM code "FLIP". The model in FLIP is based on the multiple shear mechanism with the hyperbolic stress-strain relationship (Iai et al., 1992) . The 1-D FEM model for the analysis of the site was given based on data along P-20 and P-22 (see Fig. 6 ). A total of 50 finite elements with 102 nodes were used. The element size was chosen to allow for the analysis of frequency components up to 10 Hz.
The parameters for the soil layers were determined as shown in Tables 5 and 6 . In Table 6 , the parameters for the two layers of surface ground and fine sand-1 were based on a simplified method of parameter identification (Mikami et al., 2009) . A standard method is used for determining the model parameters with high precision based on the laboratory and in-situ tests, including cyclic triaxial tests of frozen samples. On the other hand, a simplified method is used for determining the model parameters based on SPT N-values. The simplified method is based on the empirical relations between the SPT N-values and the parameters for the effective stress analysis established from the simulation of laboratory tests (Morita et al., 1997) . Here, the N-values obtained for the P-20 site (see contents the authors referred to the results of stochastic analysis for soil characteristics in Urayasu City (e.g., . In Table 6 , the parameters for the three layers of silt, fine sand-2 and firm ground were based on conventional soil test results near the Imagawa District. The initial shear moduli were determined based on Table 5 .
The input earthquake motions were assigned at the bottom of the analysis domain (i.e. the firm ground outcrop) using a viscous boundary. The time integration was done using the Wilson-θ method (θ ¼ 1.4), and small Rayleigh damping (α ¼ 0, β ¼ 0.0004) was used to ensure stability in time integration. The initial conditions were obtained by performing a static analysis with gravity using the same constitutive model as used for the seismic response calculation.
The analysis indicated that the ground motion had a PGA of 173 gal and that the SI value of the surface motion was 35.1 cm/s. These calculated indices are consistent with the observed values at SUPREME Imagawa-Kita (see Fig. 4 ), although their components are not necessarily identical. The results may further indicate the appropriateness of using the estimated earthquake motion for the firm ground outcrop of K-NET Urayasu as an input motion in the Imagawa District. The analysis, however, is still preliminary, because the soil parameters have been determined based on microtremor H/V spectra and a simplified method of parameter identification (Mikami et al., 2009) . Therefore, in a future study, PS logging and various soil tests at the K-NET Urayasu site and the SUPREME Imagawa-Kita site should be carried out. Among liquefaction parameters, w 1 is the parameter for specifying the whole characteristics of liquefaction, p 1 is the parameter for specifying the earlier stage of liquefaction, p 2 is the parameter for specifying the latter stage of liquefaction, c 1 is the parameter for specifying the lower threshold of liquefaction and s 1 is the parameter for specifying the final stage of liquefaction.
Conclusions
In this study, the strong ground motion during the 2011 off the Pacific coast of Tohoku Earthquake (M w 9.0) at the sites in the Imagawa District, Urayasu City, was estimated considering the site effects. Based on the microtremor measurements, the aftershock observations and some numerical analyses, the following conclusions were obtained at the current stage of the study:
(1) According to the results of the microtremor measurements, although the degree of ground liquefaction due to the 2011 Tohoku Earthquake in the Imagawa District were not necessary uniform, the site effects within the Imagawa District are quite uniform. On the other hand, the microtremor H/V spectral ratios at the SUPREME Imagawa-Kita site in the Imagawa District (liquefied district) do not differ significantly from those at the K-NET Urayasu site in the Nekozane District (non-liquefied district). (2) According to the results of aftershock observation, the site amplification factors from the seismological bedrock to the ground surface at the Imagawa District and the K-NET Urayasu site are basically similar to each other but have a minor difference around 2-4 Hz. This may suggest that the strong ground motions in the Imagawa District did not differ significantly from those at K-NET Urayasu, except for the effects of nonlinear soil response including liquefaction. (3) The shear wave velocity profile from the firm ground outcrop (engineering bedrock) to the ground surface at the SUPREME Imagawa-Kita site and the K-NET Urayasu site were identified based on the results of microtremor analyses. The site amplification factors from the seismological bedrock to the firm ground outcrop (engineering bedrock) without the effect of shallow soil profiles are quite similar to each other.
In a future study, more detailed in-situ tests for the evaluation of ground response characteristics should be carried out.
Data and resources
Strong motion data of K-NET can be obtained from the National Institute for Earth Science and Disaster Prevention at http://www.kyoshin.bosai.go.jp (last accessed May 2012). Strong motion data of SK-net were provided by the Chiba Prefectural Environmental Research Center on CD-ROMs. Strong motion information of SUPREME was provided by Tokyo Gas Co., Ltd. and Keiyo Gas Co., Ltd. Strong motion information of NILIM can be obtained from the National Institute for Land and Infrastructure Management at http:// www.nilim.go.jp/japanese/database/nwdb/html/newearth quake.htm (last accessed May 2012). Some of the boring data in this study can be obtained from Environmental Geology Chiba Information Bank at http://wwwp.pref.chiba.lg.jp/pbgeo gis/servlet/infobank.index (last accessed May 2012).
